Characterization of the NADPH-dependent covalent binding of [14C]halothane to human liver microsomes: a role for cytochrome P4502E1 at low substrate concentrations.
Activation of halothane to trifluoroacetyl halide, followed by covalent binding to proteins (neoantigen formation) has been proposed to be the mechanism by which halothane causes immune hepatitis. The aim of this study was to identify the cytochrome P450 (CYP) enzyme primarily responsible for the NADPH-dependent covalent binding of [14C]halothane to human liver microsomes. Human liver microsomes were incubated in the absence and presence of NADPH with various concentrations of halothane (from 4.6 to 3,300 microM) to examine the effects of substrate concentration on the nonspecific and specific (NADPH-dependent) binding of [14C]halothane to microsomal protein. As a function of substrate concentration, the specific binding of [14C]halothane to human liver microsomes was biphasic, suggesting that the activation of halothane is catalyzed by a high-affinity enzyme(s) at low substrate concentrations (<150 microM) and by a low-affinity enzyme(s) at high substrate concentrations (>150 microM). For the high-affinity enzyme, the apparent KM for the covalent binding of [14C]halothane was approximately 10 microM, and Vmax was approximately 32 pmol equivalents of halothane bound/mg protein/min under conditions where covalent binding was directly proportional to incubation time and protein concentration. Ten individual samples of human liver microsomes were incubated with a low concentration of halothane (35 microM) to determine the sample-to-sample variation in the specific binding of [14C]halothane to microsomal protein. Covalent binding ranged from 10 to 40 pmol equivalents of halothane bound/mg protein/min and was highly correlated (r2 = 0.93) with the sample-to-sample variation in chlorzoxazone 6-hydroxylase activity, which reflects the levels of CYP2E1. These results suggest that CYP2E1 is the high-affinity enzyme in human liver microsomes responsible for activating halothane to a reactive metabolite. This is supported by the observation that 4-methylpyrazole, a CYP2E1 inhibitor, inhibited the NADPH-dependent binding of [14C]halothane to microsomal protein. The sample-to-sample variation in the covalent binding of [14C]halothane at high substrate concentrations did not correlate with any known CYP enzyme activity. This suggests that several enzymes catalyze the oxidation of halothane at higher substrate concentrations. In conclusion, at pharmacologically relevant concentrations, the covalent binding of halothane to human liver microsomes is primarily catalyzed by CYP2E1.